Introduction
============

While smoking prevalence has been declining in many countries \[[@ref1],[@ref2]\] high prevalence rates are a cause for concern in developing countries \[[@ref3]-[@ref5]\], in disadvantaged or vulnerable populations \[[@ref6]-[@ref8]\], and in young people \[[@ref8]-[@ref10]\]. New Zealand Maori (the indigenous population of New Zealand) have particularly high smoking prevalence rates (40.4% of males and 49.7% of females aged 15-64 years \[[@ref10]\]) and new interventions must be appropriate for this population group in New Zealand.

Smoking quit rates are low even where intensive behavioral and pharmacological support is available \[[@ref11]\], although most smokers who try to quit do so without extra assistance \[[@ref12]\]. Providing more options for smoking cessation support is one strategy to try to encourage more quit attempts. Mobile phones have good potential as one option because they tend to be always with people, and messages can be sent directly to quitters wherever they are and at the most appropriate times (eg, for cravings or for usual cues to smoke). There is some evidence of more equitable access to mobile phones than to other communications services in developed countries \[[@ref13],[@ref14]\] and rapid uptake in developing countries \[[@ref15],[@ref16]\]. There is also emerging evidence that those with high health needs may use mobile phones more than those without \[[@ref13],[@ref17],[@ref18]\].

Our successful text messaging smoking cessation program \[[@ref19]\] was recently implemented as a national government-funded program in New Zealand \[[@ref20]\]. In order to use new advances in mobile phone technology to continue to improve uptake and effectiveness, we proposed and developed an updated intervention ("STUB IT").

A randomized controlled trial was undertaken between November 2007 and August 2009 to determine whether a video-based smoking cessation intervention delivered via mobile phone was effective at increasing smoking cessation rates compared with a control group over a 6-month period. In this paper we describe this trial, and reflect on challenges faced in recruitment that undermined its capacity to adequately test the effectiveness of the intervention.

Methods
=======

Recruitment was targeted at young adults (16-25 years) and particularly toward young Maori. The study was advertised extensively via radio, internet, mobile phone (to those who had signed up for such a service), paper-based and online magazines, Maori-specific media of all types, local and national newspapers, and media releases to national media outlets. Advertisements were placed in tertiary education institutions (via campus posters, student magazines, student websites, student health services, and student radio), primary health care services, smoking cessation services, large employer health promotion programs, and posters or leaflets at cafes, bars, and sports grounds.

Participants were eligible if they were at least 16 years of age, smoked daily, and wanted to quit. Participants were required to have a mobile phone that was capable of receiving video messages. The video messages were sent as a text message with a universal resource locator (URL) address in the text. Participants highlighted the URL to trigger automatic downloading and playing of the video on the phone ([Figure 1](#figure1){ref-type="fig"}; see also [Multimedia Appendix 1](#app1){ref-type="app"} and [2](#app2){ref-type="app"} for sample videos). Participants could return to the text message to replay the video if desired. This process does not require extremely high-end technology phones, but was available on most recent mobile phones. The video messages were made as small as possible (\<300 kB) to allow the lowest-specification common phone to be able to access them. Due to a partnership with Vodafone New Zealand Ltd (one of only two mobile phone networks in New Zealand at the time), this whole process was free to participants.

![Screenshot of the intervention](jmir_v13i1e10_fig1){#figure1}

Potential participants completed an online eligibility check and, if eligible, were advised to read the study information online (or it could be emailed or posted) and reply to a consent text message with the words "I consent." Consenting participants were directed to complete baseline data collection on an online form. On submission of this information, computer randomization allocated participants to an intervention or control group, using stratified minimization for age (25 years and under, over 25 years), ethnicity (Maori, non-Maori), and level of nicotine dependence (time to first cigarette 30 minutes or less, more than 30 minutes).

Both groups nominated a quit day (QD) on which they aimed to stop smoking that was between 1 and 3 weeks from randomization. Participants also nominated two time periods (in a 24-hour clock) during which they wished to receive the mobile phone messages.

Those in the intervention group were also directed to an online brief description and photograph of the six role models (three of whom were Maori) and asked to select one person from whom they would receive messages (although they were able to change this later if desired). The steps in the development of the intervention have been described in detail elsewhere \[[@ref21]\]. In brief, we drew on social cognitive theory \[[@ref22]\] to inform the use of role models via short video messages providing observational learning. We hypothesized that this role modeling by "ordinary" young people would enhance self-efficacy to quit smoking and thereby increase the chances of a quit attempt being successful \[[@ref23]-[@ref25]\]. The video messages were filmed as video diaries during a quit attempt, with the role models discussing issues they had found difficult and the techniques and coping strategies they used to remain smoke-free. These vignettes were based on the role model's own story (all six role models were ex-smokers), plus theory and evidence-based behavior change techniques usually taught in cessation counseling (such as setting goals, being reminded of reasons for quitting, identifying triggers and cues to smoking, planning to manage or avoid triggers and cues, receiving positive reinforcement, and using social support).

The intervention was arranged into a chronological schedule of mobile phone messages that included the role model videos, text messages (short message service; SMS), and other video messages (animations about reasons to stop smoking; and "truth" campaign mass media advertisements supplied by the American Centers for Disease Control and Prevention). [Table 1](#table1){ref-type="table"} shows the number and type of messages in each phase, along with the duration of each phase.

###### 

Chronological sequence of mobile phone messages

  Phase                   Number of messages   Timing and duration of phase                            Format of messages in each phase
  ----------------------- -------------------- ------------------------------------------------------- -------------------------------------
  Countdown to QD^a^      1/day                For 1 week prior to QD                                  Role model videos and texts
  QD                      3/day                1 day (QD)                                              Role model videos and texts
  Intensive phase         3/day                For 4 weeks post-QD                                     Role model videos and texts
  Maintenance phase       1 every 2 days       For 2 weeks after intensive phase                       SMS^b^ messages, other mixed videos
  Maintenance continued   1 every 4 days       For about 20 weeks until 6 months after randomization   SMS messages, other mixed videos

^a^ Quit day.

^b^ Short message service, or text messages.

Additional features included a website for intervention group participants that allowed them to review video messages they had been sent (and rate them if desired), change their selected time periods, and change (or add to) their selected role model. Intervention group participants could also ask for extra support messages on demand by texting keywords to the study shortcode (four-digit number). Texting "crave" and the context (either "stress," "bored," or "drinking" -- three common triggers for smoking in young adults) would result in the immediate automated sending of an appropriate video or text message on how to beat cravings within that context. Texting "relapse" would result in three messages over the next 90 minutes to motivate to keep going with the quit attempt and suggest ways of getting extra support. The control group participants received one video message every 2 weeks with general health messages and reminders about the study for 6 months.

The primary outcome for the study was continuous abstinence as defined by the Russell standard \[[@ref26]\], which allows up to five cigarettes over 6 months after QD. Other outcomes were 7-day point prevalence abstinence; confidence in ability to quit/stay quit (as a percentage on a scale from 0%, not confident, to 100%, fully confident); number of quit attempts and use of nicotine replacement therapies during the study period; participant satisfaction with aspects of the program (intervention group only); and any motor vehicle accidents that occurred while driving and using a mobile phone during the study period (as possible adverse events).

Smoking status was verified on a random sample of 10% of eligible participants prior to randomization. Verification of quitting status was attempted in all participants reporting continuous abstinence at 6 months using salivary cotinine reading on a mailed-out and returned NicAlert (Nymox Pharmaceutical Corporation, Hasbrouck Heights, NJ, USA) test-strip pack. Salivary cotinine has a half-life of 15-40 hours and is able to distinguish smokers from nonsmokers using a cutoff of 10 ng/mL of cotinine (sensitivity 93%, specificity 95%, and a positive predictive value of 95%) \[[@ref27]\]. Two staff members independently read the NicAlert test strips.

The nature of the intervention ensured the study could only be single blinded -- that is, participants were aware of which group they were allocated to. However, most data were collected via web-based forms completed by participants, and researchers involved in data collection, particularly outcome assessment, were blind to allocation.

Initial calculations indicated that a target sample size of 1300 participants would detect a relative risk of 1.75 for a control group 6-month quit rate of 8.5% (intervention group quit rate of 15%), with 90% power at *P* = .05. This included a loss to follow-up of 20%. All statistical analyses were performed using SAS version 9.1.3 (SAS Institute Inc, Cary, NC, USA), all statistical tests were two-tailed, and a 5% significance level was maintained throughout the analyses. The main analyses were based on the intention-to-treat principle as recommended for cessation studies \[[@ref26]\], where participants lost to follow-up were considered not to have quit at follow-up. Simple chi-square analyses compared the proportion quit at different stages of follow-up between the intervention groups.

Results
=======

Participants were recruited into the study between November 2007 and February 2009, and this proved much more difficult than expected. We attempted multiple sequential "waves" of recruitment efforts via new and multiple sources. However, each wave did little to change the overall recruitment rate. The study catchment area was also increased sequentially from the Auckland region (population approximately 1.4 million), to the Northern Region of the North Island (population approximately 2.3 million), to the whole of New Zealand (population 4.1 million). Initial incentives of monthly prize draws of new third-generation (3G) phones were deemed insufficient to attract new participants, and reimbursements to all participants for their time and participation were later added. Due to these problems, and the costs involved in recruitment, we decided to close the study to recruitment with 226 randomized participants. [Figure 2](#figure1){ref-type="fig"} shows the numbers of registrants, randomized participants, and those completing follow-up. Due to the nature of online data collection at follow-up points, it was possible for participants to enter some follow-up data but not complete the entire form. The follow-up numbers presented in the figure are based on those providing the primary outcome data (at 6 months) and the main smoking outcomes data (at 4 and 12 weeks).

![Consort flowchart for the randomized controlled study of STUB IT](jmir_v13i1e10_fig2){#figure2}

[Table 2](#table2){ref-type="table"} shows the baseline characteristics of randomized participants. Due to the targeted recruitment strategies, the mean age of participants was 27 years; although there was no upper age limit and the oldest person in the study was 63 years old. The majority of participants were of New Zealand European ethnicity, with nearly 24% (54/226) of participants self-selecting Maori ethnicity. Baseline smoking characteristics were similar in the two groups, with some indication that this was a highly addicted cohort due to Hooked on Nicotine Checklist mean scores of 8 (SD 1.9) out of 10 \[[@ref28]\].

###### 

Baseline characteristics of randomized participants, n (%)^a^

                                                            Intervention (n = 110)   Control (n = 116)   
  --------------------------------------------------------- ------------------------ ------------------- -----------
  Mean (SD) age, years                                      27.5 (9.5)               26.6 (7.8)          
  Female                                                    58 (52.7)                49 (42.2)           
  Ethnicity                                                                                              
                                                            New Zealand European     55 (50.0)           63 (54.3)
                                                            Maori                    24 (21.8)           30 (25.9)
                                                            Pacific                  12 (10.9)           5 (4.3)
                                                            Asian                    10 (9.1)            13 (11.2)
                                                            Other                    6 (5.5)             5 (4.3)
                                                            Missing                  3 (2.7)             0 (0)
  Total income in previous 12 months                                                                     
                                                            Less than NZ\$30,000     53 (48.2)           51 (44.0)
                                                            NZ\$30,001-60,000        35 (31.8)           40 (34.5)
                                                            Over NZ\$60,000          7 (6.4)             12 (10.3)
                                                            Don't wish to answer     15 (13.6)           13 (11.2)
  How soon after waking do you smoke?                                                                    
                                                            Within 5 minutes         26 (23.6)           27 (23.3)
                                                            6-30 minutes             45 (40.9)           52 (44.8)
                                                            31-60 minutes            21 (19.1)           24 (20.7)
                                                            After 60 minutes         18 (16.4)           13 (11.2)
  Have you ever tried to quit smoking but couldn't? Yes     102 (92.7)               104 (89.7)          
  Do you smoke now because it is really hard to quit? Yes   75 (68.2)                82 (70.7)           
  Have you ever felt addicted to tobacco? Yes               98 (89.1)                107 (92.2)          
  Mean (SD) Hooked on Nicotine Checklist (HONC) score       7.99 (2.11)              8.03 (1.68)         
  Mean (SD) confidence in being able to quit this time %    62.4 (22.0)              66.5 (21.8)         

^a^ Unless otherwise stated.

[Table 3](#table3){ref-type="table"} reports continuous abstinence rates (the primary outcome). Intention-to-treat continuous abstinence at 6 months was 26.4% (29/110) in the intervention group and 27.6% (32/116 in the control group (*P* = .8). Of the 61 participants reporting continuous abstinence at 6 months, 10 were either noncontactable or stated they had relapsed since the end of the study period (when they had claimed to have quit) and therefore could not undergo verification of quitting status. The remaining 51 were sent NicAlert test-strip packs and were contacted repeatedly to return the strips. Fourteen quitters in the intervention group (48% of 29) returned the strip and seven (24%) were confirmed as nonsmokers. Fifteen quitters in the control group (47% of 32) returned the strip and 11 (31%) were confirmed as nonsmokers.

###### 

Continuous abstinence from quit day to 6 months, n (%)

  Have you smoked tobacco at all since quit day?   Intervention                                      Control     *P*-value^a^   
  ------------------------------------------------ ------------------------------------------------- ----------- -------------- --
  **Responders-only analysis**                     .7                                                                           
                                                   Not a single puff or between 1 and 5 cigarettes   29 (38.7)   32 (35.6)      
                                                   More than 5 cigarettes                            46 (61.3)   58 (64.4)      
                                                   Missing data                                      35          26             
  **Intention-to-treat analysis**                  . 8                                                                          
                                                   Not a single puff or between 1 and 5 cigarettes   29 (26.4)   32 (27.6)      
                                                   More than 5 cigarettes or missing data            81 (73.6)   84 (72.4)      

^a^ *P*-value for chi-square test comparing groups.

No significant difference was found between the groups in the intention-to-treat point prevalence abstinence (no smoking at all in the past 7 days), which was recorded at three time points and is shown in [Table 4](#table4){ref-type="table"}.

###### 

Point prevalence abstinence at 4 weeks, 12 weeks, and 6 months, n (%)

  Have you smoked at all in the past 7 days?   Intervention          Control     *P*-value^a^   
  -------------------------------------------- --------------------- ----------- -------------- --
  **4 weeks**                                  .8                                               
                                               Not a single puff     12 (10.9)   14 (12.1)      
                                               Yes or missing data   98 (89.1)   102 (87.9)     
  **12 weeks**                                 .3                                               
                                               Not a single puff     30 (27.3)   25 (21.6)      
                                               Yes or missing data   80 (72.7)   91 (78.4)      
  **6 months**                                 .99                                              
                                               Not a single puff     25 (22.7)   26 (22.4)      
                                               Yes or missing data   85 (77.3)   88 (77.6)      

^a^ *P*-value for chi-square test comparing groups.

At 6 months those who reported quitting were asked to rate their confidence in being able to stay quit, and those who had relapsed were asked to rate their confidence in being able to quit again. There were no significant differences between the intervention and control group mean scores at any of these points (data not shown).

At 6 months all participants were asked how many quit attempts they had made during the study period. In the intervention group 7/73 respondents (9.6%) and in the control group 4/81 (4.9%) (*P* = .3) stated they did not attempt to quit at all, but the majority of respondents in both groups made multiple quit attempts. In the intervention group 17 of 69 respondents (25%) and in the control group 26 of 68 respondents (38%) (*P* = .2) had used pharmacological quitting support (nicotine patches, nicotine gum, or nortryptiline) at any stage in the 6-month study period.

Participants in the intervention group were asked for their feedback on the program. In general the majority of responders stated they liked the video messages from quitters, and appeared to appreciate the frequency and timing of messages ([Table 5](#table5){ref-type="table"}, [6](#table6){ref-type="table"}).

###### 

Intervention group satisfaction with the program, n=67 (%)^a^

  Which aspects did you...          like?     dislike?   no comment   did not use
  --------------------------------- --------- ---------- ------------ -------------
  That I would relate to quitters   46 (69)   3 (4)      13 (19)      5 (7)
  What quitter has to say           44 (66)   6 (9)      10 (15)      7 (10)
  Video messages from quitters      43 (64)   6 (9)      9 (13)       9 (13)
  The timing of messages            41 (61)   15 (22)    10 (15)      1 (1)
  Receiving lots of messages        39 (58)   20 (30)    6 (9)        2 (3)
  The website                       34 (51)   3 (4)      16 (24)      14 (21)
  Crave messages                    32 (48)   8 (12)     8 (12)       19 (28)
  Antitobacco industry messages     25 (37)   13 (19)    10 (15)      19 (28)
  Animations                        23 (34)   3 (4)      8 (12)       33 (49)

^a^ Missing data have been excluded.

###### 

Aspects of the program that aided cessation in the intervention group

  Which aspects helped you to stop smoking even if you relapsed later?   Yes
  ---------------------------------------------------------------------- ---------
  Watching someone like me go through the quitting process               59 (88)
  Being supported to feel like I could do it                             55 (86)
  Feeling like I belonged/like others were going through same thing      52 (81)
  Things the people in the video clips said                              50 (76)
  Getting messages at the right times                                    47 (75)
  The free stuff                                                         44 (69)
  It was fun                                                             39 (61)
  Made me get support from my friends or family                          39 (60)
  The website/other people videos                                        35 (57)
  Realizing I had been manipulated by tobacco industry                   31 (48)
  Messages/games/whatever distracting me from cravings                   30 (47)
  Crave messages                                                         29 (45)

Free text answers to what they liked most about the program could be divided into three groups: those who reported something about feeling supported (29/54, eg, from the role model, because they felt part of a group, because others were going through it too); those whose comments related to the program (11/54, eg, timing of messages, constant messages, nonintrusiveness, use of technology); and those who said all of it (5/59).

When asked what they disliked most about the program, 20/49 said they disliked nothing, six complained of some sort of technical issue, and seven did not feel the content was right or did not relate to the models. Five said there were too many messages, one said the messages reminded them to smoke, and one had the (false) perception they were being charged for messages. The most common suggestions to improve the program were around having more personal (human) contact, individually or via support groups or internet social networking.

A report from the intervention program confirmed that 29/110 participants (26.4%) had used the text "crave" function and 18/110 (16.4%) the text "relapse" function.

Equal numbers of participants in each group (n = 4) reported having a motor vehicle accident during the study period where the participant was the driver. In the control group one such accident occurred while the participant was using their mobile phone, one within 5 minutes of receiving a message, and two while the participant was smoking, whereas none of the accidents in the intervention group were reported as being temporally related to mobile phone use or smoking.

Discussion
==========

This study is the first to have developed and trialed a smoking cessation intervention delivered via video messaging on mobile phones. We found no significant differences in quit rates between the intervention and control groups (with trends in different directions depending on time point and type of analysis). However, the trial was substantially underpowered due to our failure to recruit sufficient participants to reach the desired sample size and the higher than expected self-reported control group quit rate. In fact, quit rates in both groups were high compared to New Zealand's quitline quit rates of 17% (6-month continuous abstinence) and 10% in the 18- to 24-year age group, but similar to those reported in our previous study of a text messaging cessation intervention \[[@ref19]\]. Therefore, it is possible that with adequate power, an effect may have been found.

The strengths of the study include a study design in accordance with CONSORT guidelines and the strict definitions and analysis of smoking abstinence outcomes. We also used theory on which to base the intervention: this has been shown to be important in technology-based health behavior change \[[@ref29]\] and ensures the intentions and drivers in the development of the intervention are clear and replicable. Indeed, participants commented positively on the use of role models as a means of support in their quitting attempts.

The obvious limitation of the study is the suboptimal recruitment. There are several potential reasons for this, which present challenges to be addressed in future trials. First, our recruitment efforts were targeted at adolescents (16 years and over) and young adults. We found that, despite indicating their interest in quitting, most young people were not actually ready to commit to a cessation intervention. This has been demonstrated elsewhere in focus groups and surveys of young people \[[@ref30]-[@ref32]\]. The recent updated Cochrane review of smoking cessation interventions for young people \[[@ref33]\] commented that many of the included studies were underpowered, with only 5032 participants from 24 studies. Only two of these studies recruited directly from the community as we did. Lipkus and colleagues randomized 402 participants despite approaching nearly 40,000 young people in shopping malls \[[@ref34]\], while Patten et al required 42 months to randomize 139 participants \[[@ref35]\]. Recruitment to youth smoking cessation services has also been shown to be problematic \[[@ref36]\], as has recruitment of youth to other types of research \[[@ref37]\].

Second, the costs of messaging and advanced technology may have proved a barrier for some. At the time of recruitment, New Zealand mobile phone data charges (or anything other than SMS and voice calling) were expensive. We spoke to two participants who were wary of being charged (despite being advised the program was free) and there may have been more who did not register for this reason. Also many people were unaware whether their mobile phone could receive video messages. These factors may have dissuaded people even registering their interest and therefore we have no information on their relative importance in our recruitment. However, if poor recruitment was related to a wariness of new multimedia messaging, we feel that this will have been short-lived: in our current trial of a multimedia mobile phone program to prevent adolescent depression we have recruited 1200 participants over 30 school weeks.

Thirdly, plans to incentivize participation were hampered by several factors. Monetary incentives are considered to be effective in encouraging participation of adolescents in research \[[@ref38]\], so we planned to offer free data or top-ups to participants' mobile phone accounts. After commencing the study this was deemed not technically possible, so instead we instituted monthly prize draws of new 3G mobile phones. However, the ethics committee did not approve promotional material that advertised the prize draws. Nevertheless, when recruitment was found to be falling behind target, we obtained ethics approval to provide participants with vouchers (for a mobile phone, the supermarket, or gasoline) as reimbursements for their time, and recruitment rose in response but was not sufficient to make a large difference.

Finally, and somewhat ironically, the text messaging cessation program trialed in our own earlier study \[[@ref19]\] may have provided competition with our trial: the *tx2quit* program went live in New Zealand in June 2008 with national promotion by Quitline, and recruited approximately 4000 participants in the following 12 months \[[@ref20]\].

Mobile phones are increasingly being used globally in health services as a means of more frequent and convenient contacts with health providers \[[@ref39],[@ref40]\], remote monitoring of progress \[[@ref41],[@ref42]\], and to reduce wastage of scarce health resources \[[@ref40],[@ref43]\]. There are several aspects of mobile phones that also make them a valuable component of healthy behavior change support, such as being with people in times of need, providing two-way communications for help on demand, allowing proactive reminders of motivations to change behavior, providing social support from people's own networks, and providing a long-term means of support \[[@ref44]\]. A Cochrane systematic review of the use of mobile phones in smoking cessation support programs \[[@ref45]\] demonstrated short-term effectiveness of mobile phone-only programs and long-term effectiveness of a mobile phone and internet program.

This study adds to this body of knowledge by demonstrating the feasibility and participant appreciation of video messages via mobile phones to provide observational learning and support for healthy behavior change. It is also of note that participants were happy to complete research procedures such as consent and data collection by mobile phone. Indeed we achieved higher response rates to text message questions (217/226 or 96% response rate to a question about confidence at QD and 170/226 or 75% response rate to a smoking status question at 12 weeks post-QD) than to our online data collection forms (despite text message reminders to complete them).

In conclusion, this trial struggled to recruit participants, in particular young adults who wanted to quit smoking. This may explain the failure to show an effect of the intervention, or it may be that the complex theory-based intervention is no more effective than simple less-frequent video messages from researchers. However, there was sufficient positive feedback about the support obtained by observing the role models in the program to warrant further investigation in this area. Further research should explore the effect of this role model-based mobile phone smoking cessation intervention for older adults -- a group that are perhaps more serious about stopping smoking and are becoming higher users of newer mobile phone technology.

This study was funded by the Health Research Council of New Zealand. It was supported by Vodafone New Zealand Ltd, who provided free access to their mobile phone network but was otherwise uninvolved in the study. Students at the Freelance Animation School provided animated clips for the intervention. The intervention was based on work previously funded by the Digital Strategy Community Partnership Fund, Department of Internal Affairs, New Zealand.
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Example of one of the role model video messages from the STUB IT intervention


Second example from another role model of their last video message in the intervention program


3G

:   third-generation mobile phone network

QD

:   quit day

SMS

:   short message service/text messages

URL

:   universal resource locator
